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(54) MOTOR-DRIVEN POWER STEERING DEVICE 

(57)Abstract: 

PURPOSE: To surely suspend power assist even in 
the case of grave abnormality being generated during 
the process of steering assist force being gradually 
reduced due to the generation of minor abnormality. 
CONSTITUTION: A motor-driven power steering has 
a motor M1 for generating steering assist force, a 
steering torque detecting device M2, and a control 
device M3 for controlling the motor at a specified 
assist ratio according to at least the steering torque 
so as to control the steering assist force. When grave 
abnormality is generated in the power steering, the 
control of the motor is stopped by a first abnormality 
detecting processor M4. When minor abnormality is 
generated in the power steering, the assist ratio is 

gradually changed to the specified value by a second abnormality detecting processor M5, 
and further when grave abnormality is generated during the processing of the second 
abnormality detecting processor M5, the control of the motor is stopped by a third 
abnormality detecting processor M6. 
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* NOTICES * 

JPO and INPZT are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is made the electromotive power-steering equipment which has the motor which 
generates the steering assistant force, a steering torque detection means, and the control means which 
controls the steering assistant force by controlling said motor by the predetermined assistant ratio 
according to steering torque at least. The first malfunction detection processing means which detects 
the serious abnormalities in said power-steering equipment, and stops control of said motor, The 
second malfunction detection processing means which detects the slight abnormalities in said power- 
steering equipment, and changes said assistant ratio gradually to a predetermined value, 
Electromotive power-steering equipment characterized by having the third malfunction detection 
processing means which detects the serious abnormalities in said power-steering equipment, and 
stops control of said motor during processing by said second malfunction detection processing 
means. 



[Translation done.] 
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* NOTICES * 

JFO and XNPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the power-steering equipment of vehicles, such as 

an automobile, and relates to a detail further at electromotive power-steering equipment. 

[0002] 

[Description of the Prior Art] The electromotive power-steering equipment of vehicles, such as an 
automobile, has conventionally the motor which generally drives the steering member like a rack bar 
through a steering gearbox, and the control unit which controls rotation of a motor, and a control unit 
generates the necessary steering assistant force by controlling a motor based on the detection result 
of the various sensors like a torque sensor. 

[0003] As one of the electromotive power-steering equipment of these, for example, a malfunction 
detection means to detect the abnormalities in power-steering equipment as indicated by JP,1- 
156 172, A, It has a processing means at the time of the abnormalities which will switch the steering 
assistant force to a predetermined value if abnormalities are detected in power- steering equipment. 
At the time of abnormalities, the detected abnormalities suspend the roll control of a motor, when 
[ like the abnormalities in a motor current, or the abnormalities in supply voltage / serious ] unusual, 
and a processing means stops power assistance. The electromotive power- steering equipment 
constituted so that abnormalities might reduce the steering assistant force gradually, when [ like 
offset of a speed sensor or a torque sensor / slight ] unusual is known conventionally. 
[0004] If the serious abnormalities for power-steering equipment occur, since according to the 
electromotive power- steering equipment like **** power assistance will be stopped and power- 
steering equipment will be switched to a manual steering system If it is prevented certainly that a 
motor is controlled unsuitably and unsuitable power assistance is performed and slight abnormalities 
occur to power-steering equipment Since the steering assistant force generated by the motor is 
reduced gradually rather than is rapidly reduced by zero, it is avoided certainly it is not only 
prevented certainly that unsuitable power assistance is performed, but that a steering feeling changes 
rapidly. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when the serious abnormalities for power- 
steering equipment occur in the process in which slight abnormalities occur to power-steering 
equipment, and the steering assistant force is gradually reduced by the processing means at the time 
of abnormalities, although the serious abnormality was not detected by the processing means at the 
time of abnormalities, therefore the serious abnormalities for power-steering equipment have 
occurred, there is a problem that where of power assistance is not stopped, in the conventional 
electromotive power-steering equipment like ****. 

[0006] This invention aims at offering the electromotive power-steering equipment improved so that 
power assistance might be stopped certainly and power-steering equipment might be switched to a 
manual steering system, also when the serious abnormalities for power-steering equipment occur in 
the process in which slight abnormalities occur to power-steering equipment, and the steering 
assistant force is reduced gradually, in view of the problem like **** in conventional electromotive 
power-steering equipment. 
[0007] 
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[Means for Solving the Problem] The motor Ml which generates the steering assistant force as the 
purpose like **** is shown in drawin g I according to this invention, It is made the electromotive 
power-steering equipment which has the steering torque detection means M2 and the control means 
M3 which controls the steering assistant force by controlling said motor by the predetermined 
assistant ratio according to steering torque at least. The first malfunction detection processing means 
M4 which detects the serious abnormalities in said power-steering equipment, and stops control of 
said motor, The second malfunction detection processing means M5 which detects the slight 
abnormalities in said power-steering equipment, and changes said assistant ratio gradually to a 
predetermined value, It is attained by the electromotive power-steering equipment characterized by 
having the third malfunction detection processing means M6 which detects the serious abnormalities 
in said power-steering equipment, and stops control of said motor during processing by said second 
malfunction detection processing means. 
[0008] 

[Function] According to the configuration like ****, it adds to the second malfunction detection 
processing means M5 which detects the slight abnormalities in the first malfunction detection 
processing means M4 which detects the serious abnormalities in power-steering equipment, and 
stops control of a motor, and power-steering equipment, and changes an assistant ratio gradually to a 
predetermined value. Since the third malfunction detection processing means M6 which detects the 
serious abnormalities in power-steering equipment, and stops control of a motor is established during 
processing by the second malfunction detection processing means When the serious abnormalities 
for power-steering equipment occur in the process in which slight abnormalities occur and the 
assistant ratio is gradually changed to the predetermined value by the second malfunction detection 
processing means into power-steering equipment The serious abnormality is detected by the third 
malfunction detection processing means, by stopping control of a motor, power assistance is stopped 
certainly and power- steering equipment is certainly switched to a manual steering system. 
[0009] 

[Additional Explanation for Means for Solving the Problem] It becomes a serious failure in this 
specification to continue power assistance with "serious abnormalities" on transit of a vehicle. 
Therefore, the abnormalities which need to stop power assistant control immediately and need to 
switch power-steering equipment to a manual steering system are meant. Although it does not 
become a serious failure with "slight abnormalities" to continue power assistance on transit of a 
vehicle, the optimal power assistance cannot be performed. Therefore, changing gradually the 
assistant ratio at the time of an abnormal occurrence to a predetermined value (reducing especially 
an assistant ratio gradually and switching power-steering equipment to a manual steering system 
finally) means desirable abnormalities. 

[0010] According to one example of this invention, one pair of torque detection means is established, 
the abnormalities like offset of only one torque detection means are processed as slight 
abnormalities, but the abnormalities like offset of both torque detection means are processed like 
serious abnormalities. According to this configuration, when the abnormalities in offset occur for 
both torque detection means, since it is processed like the serious abnormalities as the whole power- 
steering equipment even if unusual, the thing with the slight abnormalities produced for each torque 
detection means for which unsuitable power assistant control is continued is prevented certainly. 
[0011] 

[Example] This invention is explained to a detail about an example, referring to drawing of 
attachment in the following. 

[0012] The outline block diagram showing one example of electromotive power- steering equipment 
according [ drawing 2 ] to this invention and drawing 3 are the block diagrams showing the 
electronic control shown in drawing 2 . 

[0013] In drawing 2 , 10 shows the steering wheel and a steering wheel 10 drives the rack bar 16 as a 
steering-linkage member through a steering shaft 12 and the steering gearbox 14. Drive connection 
of the power unit 20 is made by the gearing moderation device 18 at the steering shaft 12. The power 
unit 20 has the electromagnetic clutch 24 which makes drive connection of a motor 22, and the 
gearing moderation device 1 8 and a motor 22 alternatively. 

[0014] the steering angle sensor 26 which detects the steering angle theta to a steering shaft 12 in the 
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example of illustration — and » respectively — steering torque Tl And T2 The torque sensors 28 and 
30 to detect are formed, and the output of these sensors is supplied to an electronic control 32. 
Moreover, the signal which shows the angle of rotation phi of the motor 22 detected by the signal 
and the angle-of-rotation sensor 36 in which the vehicle speed V detected by the speed sensor 34 is 
shown is also inputted into an electronic control 32. 

[0015] As for a microcomputer 38, an electronic control 32 has the central -process unit (CPU) 40, a 
read-only memory (ROM) 42, random access memory (RAM) 44, input port equipment 46, and 
output port equipment 48 including a microcomputer 38, and these are mutually connected by the 
common bus 50 of bidirection as shown in the detail at drawing 3 . 

[0016] The signal which shows the steering angle theta detected by the steering angle sensor 26 to 
input port equipment 46, and output steering torque Tl from torque sensors 28 and 30 And T2 The 
shown signal, the signal which shows the vehicle speed V detected by the speed sensor 34, and the 
signal which shows the angle of rotation phi of the motor 22 detected by the angle-of-rotation sensor 
36 are inputted. Input port equipment 46 processes suitably the signal inputted into it, and outputs the 
signal processed CPU and RAM44 according to the directions of CPU40 based on the control 
program memorized by ROM42. 

[0017] ROM42 has memorized the map corresponding to the graph shown in the control program 
shown in drawin g 4 and drawing 5 , and drawing 6 . CPU40 performs various operations and 
processing of a signal like the after-mentioned based on the control program shown in drawing 4 . 
Output port equipment 48 outputs a control signal to a motor 22 through the drive circuit 52 
according to directions of CPU40, and outputs a control signal to an electromagnetic clutch 24 
through the drive circuit 54. 

[0018] Furthermore, it diagnoses whether abnormalities generated the electronic control 32 to 
power-steering equipment, when the abnormality is serious, while outputting a control signal to an 
alarm lamp 56 and blinking an alarm lamp, the roll control of a motor is stopped immediately, and 
when abnormalities are slight, while turning on an alarm lamp, the rotation output of a motor is 
reduced gradually. 

[0019] In addition, when the offset which crosses tolerance to a torque sensor 28 or 30 occurs in the 
example of illustration, The irregular train of the output pulse of the angle-of-rotation sensor 26 
which detects [ to which a motor 22 corresponds to a control signal ] whether rotational frequency 
rotation is carried out, The abnormalities of the drive circuit 52 grade of an electronic control 32 are 
processed as serious abnormalities. Slight offset of a torque sensor 28 or an open circuit of 30, short 
one, noise superposition, a temperature drift, etc., An open circuit of a speed sensor 34, short one, the 
irregular train of an output pulse, noise superposition, An open circuit of the steering angle sensor 
26, short one, the irregular train of an output pulse, noise superposition, a middle point gap, etc. are 
processed as slight abnormalities, and when abnormalities, such as offset, arise to both of two torque 
sensors 28 and 30 exceptionally, they are processed like serious abnormalities. 

[0020] Moreover, although the detailed explanation about these is omitted since the slight unusual or 
unusual distinction for power-steering equipment with serious diagnosis and abnormalities of 
whether abnormalities arose does not make the summary of this invention, a diagnosis and 
distinction of abnormalities may be carried out by the approach of the arbitration conventionally 
proposed in this technical field. 

[0021] Next, actuation of the example of illustration is explained with reference to the flow chart 
shown in drawing 4 . In addition, Flag F shows that slight abnormalities have produced 1 to power- 
steering equipment about whether slight abnormalities have arisen in the flow chart shown in 
drawing 4 . 

[0022] A clutch is connected by outputting a control signal to a clutch 24 in step 1 0 first. The signal 
which shows the steering angle theta detected by the steering angle sensor 26 in step 20, Steering 
torque Tl detected by torque sensors 28 and 30, respectively And T2 Read in of the signal which 
shows the angle of rotation phi of the motor 22 detected by the shown signal, the signal which shows 
the vehicle speed V detected by the speed sensor 34, and the angle-of-rotation sensor 36 is 
performed. 

[0023] When distinction of whether the serious abnormalities for power-steering equipment occurred 
in step 30 is performed and distinction of the purport which serious abnormalities have generated is 
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performed, it progresses to step 120, and when distinction of the purport which serious abnormalities 
have not generated is performed, it progresses to step 40. When distinction of whether Flag F is 1, 
i.e., distinction of whether slight abnormalities have occurred to power-steering equipment, is 
performed in step 40 and distinction of the purport which is F-l is performed, it progresses to step 
80, and when distinction of the purport which is not F-l is performed, it progresses to step 50. 
[0024] Distinction of whether in step 50, slight abnormalities occurred to power-steering equipment 
is performed. When distinction of the purport which slight abnormalities have not generated is 
performed, the molecule K of an assistant ratio is set to A (positive integer) in step 60. When 
distinction of the purport which slight abnormalities have generated is performed, while alarm 
RANMPU 56 is turned on in step 70, Flag F is set to 1 , and one decrement of molecules K of an 
assistant ratio is further carried out in step 80. 

[0025] When this clutch is released, the power assistant control by the routine shown in drawing 4 is 
ended and distinction of the purport which is not K= 0 is performed by suspending the output of the 
control signal to an electromagnetic clutch 24 in step 1 00 when distinction of whether the molecule 
K of an assistant ratio is 0 is performed in step 90 and distinction of the purport which is K= 0 is 
performed, it progresses to step 1 10. 

[0026] When distinction of whether both of torque sensors 28 and 30 broke down in step 1 10, i.e., 
distinction of whether abnormalities, such as an open circuit and short-circuit, arose in all of two 
torque sensors, is performed and distinction of the purport that one [ at least ] torque sensor is normal 
is performed, it progresses to step 140, and when distinction of the purport to which two torque 
sensors are out of order is performed, it progresses to step 1 20. 

[0027] An alarm lamp blinks by outputting a control signal to an alarm lamp 56 in step 120, while 
the alarm of the purport which the serious abnormalities for power-steering equipment generated by 
this is emitted by the operator of a vehicle and the energization to a motor 22 is stopped in step 130, 
by suspending the output of the control signal to an electromagnetic clutch 24, this clutch is released 
and the power assistant control by the routine shown in drawing 4 is ended. 

[0028] The steering torque Tl detected by torque sensors 28 and 30 in step 140, and T2 While it is 
based and the average T of steering torque calculates according to following several 1 , from the map 
corresponding to the graph shown in drawing 5 based on the average T of steering torque, the 
amount Tab of basic assistance calculates and the amount Tab of basic assistance is amended 
according to following several 2 [ in step 150 ]. 
[0029] 

[Equation 1] T= (Tl+T2)/2 - [Equation 2] Tab= (K/A), Tab [0030] It is the vehicle speed multiplier 
Kv from the map corresponding to the graph shown [ in / step 20 ] in drawing 6 based on read in rare 
******Vin step 160. It calculates. Vehicle speed multiplier Kv calculated in the amount Tab of 
basic assistance and step 160 after the amendment calculated [ in / step 170 ] in step 150 It is the 
amount Ta of assistance as a product. It calculates. In step 1 80, it is the amount Ta of assistance. The 
corresponding control signal of an electrical potential difference is outputted to a motor 22 through 
the drive circuit 52, the necessary assistant force is generated by this, and it returns to step 20 after 
an appropriate time. 

[003 1] According to the example of illustration, it calculates in this way from the map corresponding 
to the graph with which the amount Tab of basic assistance was shown in drawing 5 based on the 
average T of steering torque in step 140. The amendment operation of the amount Tab of basic 
assistance is carried out in step 150, and it is the vehicle speed multiplier Kv in step 160. It calculates 
from the map corresponding to the graph shown in drawing 6 based on the vehicle speed V. It is the 
amount Ta of assistance in step 170. The amount Tab of basic assistance, and vehicle speed 
multiplier Kv It calculates as a product. 

[0032] and when abnormalities do not arise to power- steering equipment but it is operating normally 
By performing distinction of a no in steps 30 and 50,1 10 It is the amount Ta of assistance in step 
180. Since it is controlled to become so low that the vehicle speed be high while a corresponding 
control signal is outputted to a motor 22 and the steering assistant force corresponds to real steering 
torque by this While light steering in a low vehicle speed region is secured, the good driving stability 
in a high vehicle speed region is secured. 

[0033] On the other hand, if the serious abnormalities for power-steering equipment arise, distinction 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 8/16/2007 



JP,06-305439,A [DETAILED DESCRIPTION] 



Page 5 of 6 



of yes will be performed in step 30. An alarm lamp 56 blinks in step 120, and the alarm of the 
purport which the serious abnormalities for power-steering equipment have produced to the operator 
of a vehicle is emitted. Moreover, while the energization to a motor 22 is stopped in step 130, by 
suspending the output of the control signal to a clutch 24, this clutch is released and, thereby, power- 
steering equipment is switched to a manual steering system. 

[0034] Moreover, according to the example of illustration, if slight abnormalities arise to power- 
steering equipment, steps 140-1 80 will be performed, decreasing gradually until distinction of yes is 
performed in step 50, an alarm lamp 56 is turned on in step 70, and the alarm of the purport which 
slight abnormalities have produced to the operator of a vehicle at power-steering equipment is 
emitted and assistant ratio K/A is set to 0 by steps 80 and 150. Therefore, power-steering equipment 
is not immediately switched to a manual steering system in this case, but power assistance is 
continued reducing an assistant ratio gradually, and power-steering equipment is switched to a 
manual steering system in the phase where the assistant ratio became 0. 

[0035] Moreover, if according to the example of illustration slight abnormalities arise to power- 
steering equipment, and the serious abnormalities for power-steering equipment arise in the process 
in which power assistance is continued, reducing an assistant ratio gradually Since distinction of yes 
is performed in step 30 and steps 120 and 130 are surely performed Thereby, while the alarm of the 
purport which the serious abnormalities for the operator of a vehicle have produced like the case 
where serious abnormalities arise is emitted in the situation which slight abnormalities have not 
produced to power-steering equipment, power-steering equipment is certainly switched to a manual 
steering system. 

[0036] Furthermore, if abnormalities arise in both torque sensors even if the abnormalities which 
were produced in each of two torque sensors according to the example of illustration are slight, steps 
120 and 130 are performed by performing distinction of yes in step 110, and while the alarm of the 
purport which the serious abnormalities also in this case for the operator of a vehicle have produced 
is emitted, power-steering equipment will be certainly switched to a manual steering system. 
[0037] Although this invention was explained to the detail about the specific example above, 
probably this invention will not be limited to this example and it will be clear for this contractor its 
for other various examples to be possible within the limits of this invention. 

[0038] For example, the operation of the amount Tab of basic assistance in [ in / an above-mentioned 
example ] step 140 is the steering torque Tl detected by two torque sensors 28 and 30. And T2 
Although calculated based on the average T The amount of basic assistance may be calculated based 
on the steering torque detected by one side of torque sensors 28 and 30. In that case, when distinction 
of the purport which slight abnormalities generated is performed to one torque sensor in step 50, it 
may be constituted so that the amount of basic assistance may calculate based on the steering torque 
detected by the normal torque sensor of another side. 

[0039] Moreover, in an above-mentioned example, distinction of whether the molecule K of an 
assistant ratio is 0 is performed [ in / step 90 ]. Although a clutch will be released in step 100 and 
power-steering equipment will be switched to a manual steering system if distinction of the purport 
which is K= 0 is performed Distinction in step 90 is performed as distinction of whether Molecule K 
became the predetermined value B like the one half of for example, the denominator A. When 
distinction of the purport which is K=B is performed, bypass step 80 rather than releasing a clutch, 
always set Molecule K as B, and step 1 10 or subsequent ones is performed. When slight 
abnormalities occur to power-steering equipment by this, it may be constituted so that power 
assistant control may be continued in the reduced assistant ratio. 
[0040] 

[Effect of the Invention] According to this invention, so that more clearly than the above explanation 
It adds to the second malfunction detection processing means M5 which detects the slight 
abnormalities in the first malfunction detection processing means M4 which detects the serious 
abnormalities in power-steering equipment, and stops control of a motor, and power-steering 
equipment, and changes an assistant ratio gradually to a predetermined value. The third malfunction 
detection processing means M6 which detects the serious abnormalities in power-steering 
equipment, and stops control of a motor is established during processing by the second malfunction 
detection processing means, therefore, when the serious abnormalities for power-steering equipment 
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occur in the process in which slight abnormalities occur and the assistant ratio is gradually changed 
to the predetermined value by the second malfunction detection processing means into power- 
steering equipment since the serious abnormality is detected by the third malfunction detection 
processing means — control of a motor — stopping — certain — power assistance — it can stop ~ 
thereby — power- steering equipment — certain — ** — it can be made to function as a manual 
steering system promptly 



[Translation done.] 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation* 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the explanatory view in which making the configuration of the electromotive 
power-steering equipment by this invention equivalent to the publication of a claim, and showing it 
[Drawing 2] It is the outline block diagram showing one example of the electromotive power- 
steering equipment by this invention. 

[Drawing 3] It is the block diagram showing the electronic control shown in drawin g 2 . 
[Drawin g 4] It is the flow chart which shows the power assistant control routine attained from the 
electronic control shown in drawing 2 and drawin g 3 . 

[Drawing 5] It is the graph which shows the relation between the averages T of steering torque and 

the amounts Tab of basic assistance which were detected by the torque sensor. 

[Drawing 6] The vehicle speed V and the vehicle speed multiplier Kv which were detected by the 

speed sensor It is the graph which shows the relation of a between. 

[Description of Notations] 

10-- Steering wheel 

1 2 — Steering shaft 

1 4 — Steering gearbox 

22 - Motor 

24 — Electromagnetic clutch 

26 — Steering angle sensor 

28 30 — Torque sensor 

32 — Electronic control 

34 — Speed sensor 

36 — Angle-of-rotation sensor 

56 — Alarm lamp 



[Translation done.] 
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[Drawing 5] 
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[Translation done.] 
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